1. Introduction {#s0005}
===============

Overall nutritional status is required for the immune system to function efficiently. Deficiency in vitamins can impair phagocytic function in innate immunity [@b0165] and adversely affect several aspects of adaptive immunity [@b0205]. Vitamin A was firstly known as "the anti-infective vitamin" as it is important for immune system to function normally [@b0100]. Vitamin A affected the immune response in both lines of immunity [@b0165]. In innate immunity, it helps to maintain the structural and functional integrity of the skin [@b0255] and mucosal cells of the eye, respiratory, gastrointestinal, and genitourinary tracts [@b0220], [@b0225], [@b0060]. It is also important for many cells including natural killer (NK) cells, macrophages, and neutrophils to function normally [@b0220]. In adaptive immunity, Vitamin A needed for proper function of T and B lymphocytes [@b0185]. Cluster of differentiation 4 (CD4) is a glycoprotein located on the surface of immune cells especially T-helper cells [@b0015]. They are functioning in signal transduction between the T cell receptor (TCR) and an antigen presenting cell; and in T-cell activation [@b0260]. Vitamin A may affect cell-mediated immunity by decreasing the number or distribute ion of CD4^+^ T-lymphocytes, altering cytokine production, or by decreasing the expression of cell-surface receptors that mediate T-cell signaling [@b0245]. Vitamin A activates T-cell lymphocytes so they can fight off infection [@b0235], while its deficiency prevents proper lymphocyte function [@b0145]. Thymus gland produces beta thymosin hormones [@b0160]. Thymosin-β4 (Tβ4) is the prevailing form, representing 70--80% of the total thymosin content [@b0115]. It is a protein with 43 amino acids, bind to and sequester G-actin to modulate cell migration [@b0010], [@b0040]. It is considered to play a significant role in the cellular metabolism due to its actin-sequestering properties [@b0170]. Tβ4 mRNA has different expression in immune cells suggesting a relationship between Tβ4 and immune response [@b0090]. Several physiological properties of Tβ4 have been reported [@b0070]. It acts as a modulator of wound healing [@b0265] and angiogenesis of heart tissues following injury [@b0125], helping in the development of B cells [@b0095], increasing the efficiency of antigen presentation by macrophages [@b0250], implicated in lymphocyte maturation and differentiation [@b0080], controlling cell morphogenesis and motility [@b0085], regulating immunity [@b0180] and treating liver fibrosis [@b0130]. Vitamin A deficiency (VAD) results in impaired mucosal epithelial regeneration and reductions in the number and killing activity of NK cells, as well as the function of neutrophils and macrophages [@b0025]. In addition, VAD results in altered cytokine signaling which would affect inflammatory responses of innate immunity [@b0225]. The risks of VAD can be reversed by supplementation [@b0020]. Reports regarding the influence of VAD on thymosin β4 and CD4 levels in adults are rare. Consequently, the present study aimed to explore this relationship in a group of Egyptian adults to search a new insight about vitamin A.

2. Subjects and methods {#s0010}
=======================

Our study was held through a project at National Research Center (NRC) and was approved by the Ethical Committee. The Center of Medical Excellence of NRC guaranteed and gave the permission to perform our study at the outpatient clinic. After taking a written informed consent, forty-eight Egyptian adults from both sexes, aged from 18 to 42 years old were subjected to clinical examination and nutrition questionnaire to evaluate their nutrition status and to detect any symptom or sign of vitamin A deficiency that are dry eyes, dry and rough skin, eye inflammation, night blindness, respiratory and urinary infections. They were also screened for vitamin A by using ELISA method. Accordingly, forty subjects were selected and enrolled in this study. They were divided according to the international reference range of vitamin A for adult [@b0045] & [@b0150] into two groups: **Group 1** includes healthy subjects (n = 10) with sufficient vitamin A at level \>200 µg/dl. **Group 2** includes subjects (n = 30) with vitamin A deficiency at level \<50 µg/dl. Adults who had genetic disorders, chronic or autoimmune diseases, systemic failure or any malignant tumors were excluded. Subjects on daily vitamin A supplement were also excluded from the study. A careful medical history and clinical examination were taken including: demographic data in the form of age and sex. Vital signs including blood pressure, Radial pulse, respiratory rate and body temperature were recorded. Adults were asked about repeated attacks of upper respiratory tract infection and/or gastrointestinal infection. Anthropometric measures regarding height and weight were recorded for each subject. The height was measured to the nearest 0.5 cm on a Holtain portable anthropometer, and the weight was determined to the nearest 0.1 kg on a Seca scale Balance with the subject dressed minimum clothes and no shoes. Body mass index (BMI) was calculated as Weight (kg)/Height (m^2^).

3. Samples collection {#s0015}
=====================

Blood samples (5 ml) were drawn from all subjects, a part of blood (2 ml) was taken immediately in EDTA-containing vacutainers to estimate complete blood picture (CBC) and the remaining (3 ml) was centrifuged 3000 rpm for 10 min then sera were isolated and stored at −20 until the determination of vitamin A and other laboratory investigations.

4. Research methods and procedures {#s0020}
==================================

4.1. Biochemical assays {#s0025}
-----------------------

Serum levels of vitamin A, Tβ4 and CD4 were measured by using a commercial enzyme linked immunosorbent assay ELISA kit, produced by Glory Science Co., Ltd. 2400 Veterans Blvd. Suite 16 -- 101, Del Rio, TX 78840, USA. Tel: 001-830-734-0090 [www.glorybioscience.com](http://www.glorybioscience.com){#ir005}., performed at National Research Centre, medical physiology department.

4.2. Statistical analysis {#s0030}
-------------------------

All values are expressed as mean ± SE and the differences between the two groups were calculated by student's t test. The correlation was done between different parameters using Pearson's correlation. A Chi-square (χ^2^) test was used to test the significance associations among non-parametric data. All analyses were carried out using Statistical Package for Social Science (SPSS) version 16 (IBM, Chicago IL, USA. Statistical software). The statistical significance was set at p \< .05.

5. Results {#s0035}
==========

Forty participants were enrolled in our study. Thirty-four were females (85%) and six were males (15%). We screened all the cases for symptoms of vitamin A deficiency (VAD). The results revealed a high rate of vitamin A deficiency 62.5% (group 2 (n = 30)) versus 20.8% (group 1 (n = 10)) with sufficient level of vitamin A. There were 9 cases suffering from night blindness out of 30 adults (group 2) representing 30% of vitamin A deficient subjects.

The results revealed that age was nearly comparable in the two groups at P = .414. In the same time, no significant difference was observed between the two groups for CBC parameters. The results of anthropometric measures were recorded in [Table 1](#t0005){ref-type="table"} and showed that there was no statically difference between the two groups in height and BMI at p = .3 and p = .89 respectively. While a significant difference between the two groups in weight at p \< .017.Table 1Anthropometric measures in the two groups.Mean ± SDGroup I (n = 10)Group II (n = 30)SignificanceWeight /kg71.7 ± 5.4962.88 ± 16.7P \< .017Height/m^2^1.60 ± 8.51.57 ± 8.9P = .3 NSBMI kg/m^2^26.4 ± 3.726.2 ± 6.37P = .89 NS[^1]

There was a high significant decrease in serum levels of vitamin A, Tβ4 and CD4 at P \< .001, P \< .003, P \< .001 in the two groups as shown in [Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"} respectively.Fig. 1Significant decrease in vitamin A level at P \< .001 in the two groups.Fig. 2Significant decrease in Thymosin beta 4 level at P \< .003 in the two groups.Fig. 3Significant decrease in CD4 level at P \< .001 in the two groups.

[Figs.4](#f0020){ref-type="fig"} and [5](#f0025){ref-type="fig"} represented a high significant positive correlation between vitamin A and both of Tβ4 and CD4 at (r = .579∗∗, P \< .000) and (r = 0.451∗∗, P \< .003) respectively, at the same time [Fig. 6](#f0030){ref-type="fig"} demonstrate a high significant positive correlation between Tβ4 and CD4 at (r = 0.567∗∗, P \< .000).Fig. 4Positive correlation between vitamin A and Thymosin at r = 0.579\*\*, P \< .000.Fig. 5Positive correlation between vitamin A and CD4 r = 0.451\*\*, P \< .003.Fig. 6Positive correlation between CD4 and Thymosin r = 0.567\*\*, P \< .000.

The results of Chi-square χ^2^ test to examine the relation between non-parametric variables in the studied groups were represented in [Table 2](#t0010){ref-type="table"}. There was a high significant (p \< .001) association for VAD symptoms, food type and eating vegetables and fruits at (χ^2^ = 5.400^b^, df = 3, P \< .002), (χ^2^ = 9.800^b^, df = 3, P \< .029) and (χ^2^ = 43.000^a^, df = 2, P \< .000) respectively.Table 2Association of the non-parametric variables in the two groups.VariablesChi -- square valuedfAssociationVAD symptoms5.400[b](#tblfn2){ref-type="table-fn"}3P \< .002Food type9.800[b](#tblfn2){ref-type="table-fn"}3P \< .029Eating vegetables and fruits43.000[a](#tblfn1){ref-type="table-fn"}2P \< .000[^2][^3][^4]

6. Discussion {#s0040}
=============

Our previous studies demonstrated the effect of vitamins B12 and D deficiencies on thymosin β4 (Tβ4) and the cluster of differentiation CD4 levels as they are important elements to maintain proper immune system [@b0065] and [@b0230]. Recently, vitamin A has received a particular attention regarding its crucial effect for regulating immune system [@b0165]. The present study showed a high rate of vitamin A deficiency (VAD) affecting 62.5% of the study group versus 20.8% sufficient controls at p \< .001 which could be attributed to several reasons. According to the previous studies, it could be due to fat malabsorption, impaired bile production and release or chronic exposure to oxidants [@b0050], zinc deficiency which act as a cofactor in conversion of retinol to retinal [@b0270] or iron deficiency that affect vitamin A uptake [@b0030]. Furthermore, our study revealed a high significant (p \< .001) association between the two groups for VAD symptoms, food type and eating vegetables and fruits which revealed that the 62.5% of our subjects deficient in vitamin A, did not care with the type of food that they eat and their meals did not include adequate amount of fresh vegetables and fruits in accordance with [@b0005] who stated that VAD could be due to dietary problems as a result of inadequate intake of vitamin A and parallel with Sommer [@b0240] who stated that primary VAD occurs among subjects who do not consume sufficient amount of carotenoids from fruits and vegetables or preformed vitamin A from animal and dairy products. A far more focused role of vitamin A has emerged for several aspects of T cell differentiation and function as well as development of lymphoid organ [@b0035]. VAD found to induce inflammation [@b0195]. Retinoic acid (RA), the main metabolite of vitamin A found to promote CD4^+^ T cell effector response via retinoic acid receptor alpha (RARα) [@b0105]. RA involved in the activation of effector CD4^+^ T cells during inflammation. Thus, in a pro-inflammatory context, the RA-signaling pathway in CD4^+^ T cells is enhanced at the site of inflammation [@b0175]. CD4^+^ T cell effector function and migration to the site of inflammation were inhibited by removal of RA signaling in T cells [@b0190]. Recent evidence has shown that vitamin A through RA plays a key role in the migration of T cells into tissues, the proper development of T cell--dependent antibody responses [@b0200] and promotes T cell activation and differentiation into different T helper subsets such as Th1, Th2 and Th17 cells [@b0035]. On the other hand, *in vitro* studies have shown that RA is able to induce regulatory T cells [@b0110]. Furthermore, RA found to have a role in gut immunity, it is able to induce gut homing receptors on T and B cells, allowing their trafficking to the intestine to perform their functions [@b0120]. The data in the current study showed a high significant decrease in serum levels of Tβ4 and CD4 at P \< .003 and P \< .001 respectively in vitamin A-deficient group when compared to vitamin A-sufficient group. Adding our results to the above mentioned reports reveals that vitamin A may play an important role in cell-mediated immunity, particularly with respect to CD4 and Tβ4, and this was supported by a high significant positive correlation between Tβ4 and CD4 that we had in our study which could be attributed to the fact that Tβ4 is the predominant form of thymic hormones in mammalian cells [@b0075] & [@b0135] and that its initial function is to stimulate the production of T lymphocytes which are targets of thymosin activity [@b0140]. Tβ4 mRNA has also different expression in lymphocytes, macrophages, granulocytes and platelets suggesting a relationship between Tβ4 and the immune response [@b0090]. Supporting our results, an experimental study by Kramer [@b0145] found that splenic T-cells mitogenic responsiveness was depressed in vitamin A-deficient rats as compared to controls. Another study conducted by Miller [@b0155] revealed that vitamin A affects T-lymphocyte function, VAD shifts the immune response towards the Th1 cell-mediated activity and impairs Th2 response, while supplementation with this vitamin increase total T-cell numbers, particularly CD4^+^cells and tends to boost Th2 type responses. A study by de Azevedo et al. [@b0055] found also that children with VAD and anemia showed a significant increase in absolute CD4 and CD8 T-cell counts after vitamin A supplementation. Our current study found a strongly significant positive correlation between vitamin A and both of Tβ4 and CD4 at p \< .000 and p \< .003 respectively, in accordance with Savino and Dardenne [@b0215] who stated that severe thymus atrophy due to the depletion of CD4^+^CD8^+^ thymocytes and decrease in T cell proliferation was observed in vitamins deficiencies following malnutrition status. Another explanation for the decreased thymus output of thymosin hormone and CD4^+^ T lymphocytes could be the extreme susceptibility of thymus to free radical and oxidative damage caused by stress, infection and poor diet [@b0210]. These studies in addition to ours reveal that vitamin A may play an important role in cellular immunity, especially with respect to CD4 level and Tβ4 hormone, and this is confirmed by the significant positive correlation between vitamin A and both of Tβ4 and CD4 that we had. In conclusion, the thymus might be a target of VAD. This was clearly observed from a great influence of VAD on Tβ4 and CD4 levels that we had. It is obviously that our study is the first to demonstrate these relations.

7. Recommendations {#s0045}
==================

We urgently need to increase health awareness, the importance of vitamin A supplementation and healthy eating and we need further studies in future, either clinical or experimental to explore the crucial effect of vitamin A on thymus output in adults.
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[^1]: BMI: body mass index P \< .01 = significant difference NS = no significant difference.\*

[^2]: p \< .001 = significant difference.

[^3]: 0 cells (0.0%)have expected frequencies less than 5.

[^4]: 0 cells (0.0%)have expected frequencies less than 5 the minimum expected cell frequency is 10.0.
